Ordered mesoporous carbon obtained by the soft template method was subjected to oxidation with the use of ammonium persulfate or nitric acid. The material was modified in different conditions in order to generate on its surface oxygen functional groups. Functionalization of carbon with nitric acid or ammonium persulfate at low temperatures caused a reduction in its surface area and pore volume. At elevated temperatures, the oxidation with (NH 4 ) 2 S 2 O 8 solution brought about an increase in these parameters, which is related, among others, with increased area of micropores. Transmission electron microscopy images confirm that the application of ammonium persulfate as an oxidizer does not lead to structural changes in carbon. FT-IR spectra and Boehm titration results proved that irrespective of the oxidation conditions, the process leads to generation of oxygen functional groups. Their highest content was observed for the carbon sample oxidized by a 5 M solution of HNO 3 at 100°C.
Introduction
Porous materials for a long time have enjoyed much interest because of their unique physicochemical, electric, mechanical and chemical properties following from well-developed surface area and large total pore volume. This group of materials includes activated carbons, activated carbon fibres, carbon molecular sieves, fullerenes, carbon nanotubes, mesoporous silica, metal oxides, zeolites and ordered mesoporous carbon materials [1] [2] [3] [4] [5] . The latter materials have uniform pores of the size from the range 2-50 nm, making two-or three-dimensional lattice. They are attractive in quite a range of applications, from adsorbents of large hydrophobic molecules and biomolecules, supports of catalysts-mainly metals and their oxides, components of electrochemical capacitors, electric current sources and lithium-ionic cells to fillers of chromatographic columns [2, 3, [6] [7] [8] [9] . There are two main methods proposed for the synthesis of mesoporous carbons: the hard and soft template methods. In 1999 for the first time the ordered mesoporous carbon (OMC) was obtained using mesoporous silica MCM-48 [2] . The strategy of this method was based on formation of carbon polymers inside mesoporous silica as a result of impregnation with sucrose and its carbonization and then removal of the silica matrix. The obtained carbon CMK-1 was the reverse replica of the initial silica MCM-48 [2] . This method prompted intense studies on the possibilities of obtaining a wide range of carbon replicas and their applications. Many authors have been interested in the synthesis of ordered mesoporous carbons by the hard template method with the use of different silica matrices: MCM-48 [10] , SBA-15 [3, 10] , SBA-16 [3, 10] , KIT-6 [10] [11] [12] and carbon precursors (e.g. glucose, xylose, furfuryl alcohol, phenol resins) [2, 3, [6] [7] [8] [9] . The materials obtained in this way can successfully replace activated carbons and zeolites (a numerous group of aluminosilicates) in many branches of industry [2, 13, 14] . Their very important property determining the widespread use of these materials is the possibility of controlling their structure and physicochemical properties through the choice of parameters of synthesis and the possibility of their chemical modification.
Another important event in this area was the synthesis of ordered mesoporous carbon by soft template method with the use of surfactants or block copolymers as matrices [10] [11] [12] . The soft template method permitted elimination of the use of solid silica matrices, which reduced the stages of synthesis, reduced the cost and made it easier to perform [15] [16] [17] [18] [19] .
Ordered mesoporous carbons show many interesting properties: large surface area and large pore volume, high uniformity of porous structure, high chemical and thermal resistance and are chemically neutral. However, because of rather poor chemical surface properties restricted by low number of functional groups, they often demand preliminary modification. The most effective and often used method of their modification is oxidation, leading to generation of oxygen functional groups, mainly carboxyl, hydroxyl ones but also lactone carbonyl and ether ones [20] . Usually oxidation is the first step of modification aimed at introduction of other desired functional groups [20] [21] [22] [23] . Thanks to appropriate surface modification, these materials can be adsorbents of, e.g. heavy metal ions. The processes of oxidation can be divided, according to the mode of the reaction, into dry, wet and electrochemical. Dry oxidation is performed with oxidizing gases such as oxygen, ozone or carbon dioxide. Wet oxidation is carried out with acid solutions, e.g. nitric, sulphuric or phosphoric, while the most often used is nitric acid, either concentrated or dilute [24] [25] [26] . The process of oxidation with nitric acid is effective and can be easily controlled by the acid concentration and temperature of oxidation [27, 28] . Calvillo et al. [29] have oxidized carbon CMK-3 with concentrated and dilute nitric acid solutions and applied the carbon obtained as a support of platinum catalyst in methanol electrooxidation. The catalytic activity of oxidized platinum catalyst was much higher than that of the commercial carbon. Another method for the introduction of oxygen functional groups on the surface of carbons CMK-3 and CMK-5 has been proposed by Bazuła et al. [30] . They have oxidized the carbon samples with a solution of nitric acid used in concentrations 0.5, 1, 2 and 4 M for a period from 15 min to 6 h and in temperatures varied from 50 to 110°C. The use of low nitric acid concentration and low temperatures was found beneficial for preservation of the ordered structure of CMK-3 and CMK-5. Moreno-Tovar et al. [31] have checked the effect of temperature and time of oxidation reaction of CMK-3 with nitric acid solution on physicochemical properties of this carbon and its adsorption properties towards Pb(II) and Cd(II), showing that the most effective adsorbent of these metals was CMK-3 oxidized at 70°C for 12 h.
The aim of our study was to check the effect of the type of oxidizing agent on the physicochemical properties of ordered mesoporous carbon obtained by the soft template method. The carbon was subjected to oxidation in different conditions and with the use of ammonium persulfate and nitric acid. The carbon materials obtained were characterized by lowtemperature nitrogen adsorption/desorption, X-ray diffraction, transmission electron microscopy, infrared spectroscopy and thermogravimetric methods. The number of generated oxygen functional groups was determined by the Boehm method [32] . 
Materials and methods

Surface functionalization of mesoporous carbon materials
The ordered mesoporous carbon obtained by the soft template method, C ST , contained a small number of surface functional groups, was subjected to oxidation in order to generate oxygen functional groups. 
Characterization of materials
Porous structure
The measurements needed to establish the surface area, pore volume and diameter were made on Autosorb iQ instrument (Quantachrome). Prior to measurements, samples of about 0.2 g were heated at 400°C for 4 h and then degassed in vacuum at 350°C for 3.5 h. Isotherms of nitrogen adsorption/desorption were measured at -196°C. Surface area and pore size distribution were calculated by BET (Brunauer-Emmett-Teller) and BJH (Barret, Joyner, Halenda) methods, respectively. Total pore volume and average pore diameter were determined as well. The micropores area was determined by the t-plot method.
Powder X-ray diffraction (XRD)
Small-angle X-ray diffraction (XRD) patterns were obtained on a Bruker AXS DB Advance diffractometer (CuKa radiation, k = 0.154 nm) with the step size of 0.02°.
Transmission electron microscopy (TEM)
For TEM measurements, powdered samples were deposited on a grid with a perforated carbon film and transferred to a JEOL 2000 electron microscope operating at 80 kV.
Surface oxygen functional groups
The contents of oxygen functional groups on the surface of C ST samples were determined by the Boehm method [32] , which permits determination of acid-base properties of the materials studied. The total content of oxygen acidic groups was evaluated by their neutralization with a 0. 
Infrared spectroscopy (FT-IR)
The structural changes in the oxidized mesoporous carbon samples were studied by FT-IR spectroscopy. The samples were mixed with dry potassium bromide at the rate of 1 mg of the carbon sample per 200 mg KBr. The FT-IR spectra in the range 400-4000 cm -1 were recorded on Varian 640-IR.
Thermal analysis
Thermogravimetric analysis was performed on an SETSYS 12 instrument made by Setaram. The samples were heated at the rate 5°C/min, in nitrogen atmosphere. The analysis lasted for 100 min, and the temperature was varied from 20 to 1000°C.
Results and discussion
The isotherms of nitrogen adsorption on mesoporous carbons oxidized with ammonium persulfate or nitric(V) acid solution are present in Figs reduction in the textural parameters was noted for the C ST sample oxidized with a 5 M solution of nitric acid at 100°C. The reduction in these parameters is related to the fact that modification causes blocking of a part of micropores. Most probably the oxygen functional groups are localized at the entrances to micropores, leading to a decrease in their area and volume. A different situation was observed on oxidation with a solution of (NH 4 ) 2 S 2 O 8 at a temperature increased to 100°C. This material showed a greater surface area and pore volume than pure C ST , which was related to increased area of micropores. The greatest surface area of 607 m 2 /g and pore volume of 0.76 cm 3 /g were found for the sample oxidized with a solution of APS for the longest time and at the highest temperature, C ST -APS-100-24h. XRD diffractograms in the small-angle range of pristine material C ST and the products after the treatment in acidic APS solution at 30, 60 and 100°C for 6, 12 and 24 h are shown in Fig. 3a-c . Pristine mesoporous carbon obtained by the soft template method shows the ordered but poorly developed hexagonal structure, which is indicated by low-intensity peak at 2h values of 0.84-1.0. Similar results were obtained for the samples oxidized with APS solution at 30 and 60°C for 6 h. An increase in the process temperature to 100°C, irrespective of the process duration, leads to development of the carbon porous structure, manifested as an increase in the intensity of the peak near 2h of 0.84-1.0. The diffractograms of carbon samples oxidized with nitric acid solutions are present in Fig. 4 . The pristine carbon and the samples after oxidation with a solution of HNO 3 have poorly developed porous structure. The use of nitric acid, which is strongly oxidizing agent, can lead to partial destruction of the porous structure.
TEM images permitted identification of the structures of the samples studied and evaluation of the degree of their ordering. The TEM image of pristine C ST (Fig. 5a) shows long channels forming a hexagonal structure of high ordering. The oxidation of C ST with a mild oxidizing agent, APS solution, irrespectively of temperature and duration of the process (Fig. 5b, c) had no negative effect on the ordered structure of the carbon material. The same observation was made for the sample oxidized with 0.5 M solution of nitric acid at 100°C (Fig. 5d) . Structural disturbances were noted only for sample C ST -HNO 3 -100-5 (Fig. 5e) . The use of 5 M solution of HNO 3 at a high temperature probably leads to removal of carbon layers from the carbon particles, so to uneven surface with many cavities.
The functional groups on the surface of mesoporous carbons determine their adsorption, electrochemical, catalytic, acid-base, red-ox, hydrophilichydrophobic and other properties. The C ST oxidation with ammonium persulfate or nitric acid solutions leads to generation of numerous functional groups, the same as occur in typical organic compounds. The content of acidic and basic oxygen functional groups was evaluated by the Boehm method [32] , and the results are present in Table 2 The FT-IR study was performed to check for possible changes in the chemical composition of the carbon materials studied as a result of oxidation. The FT-IR spectra definitely confirm generation of oxygen functional groups upon oxidation, which is manifested by the appearance of a band at 1721 cm -1 , assigned in the literature to the vibrations of C=O in carboxyl groups, esters, lactones and quinones (Figs. 6, 7) . The bands at the wavenumber 1590 cm -1 , whose intensity increased after oxidation, originate from COO -groups, while those at 1215 and 1120 cm -1 , from the stretching vibrations of C-O bond. The bands at 3433 cm -1 are assigned in the literature to -OH groups [33, 34] . Irrespective of the type of oxidizing agent, the FT-IR spectra of the oxidized carbon samples show similar absorption bands. It should be mentioned that all the spectra assigned to the oxygen functional groups are the most intensive for the sample modified with 5 M solution of HNO 3 at 100°C (Fig. 7) .
Thermogravimetric analysis (TG) and derivative thermogravimetric analysis (DTG) were used to examine the content and type of the functional groups. Figure 8a (Fig. 9a) reaches 18, 29 and 26%, respectively, while for the sample with the greatest content of surface oxygen functional groups, C ST -HNO 3 -100-5, the mass loss reaches 51% (Fig. 9a) . The functional groups generated on the surface of the carbon samples undergo thermal decomposition in three stages. The first in the range 150-350°C can be assigned to decomposition of carboxyl and phenol groups. The mass loss in the range 350-650°C is a consequence of decomposition of ester, quinone and anhydride groups. Temperatures above 650°C may cause further decomposition of more stable oxygencontaining functional groups and self-decomposition of OMC [33, 34] . 
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Conclusions
The effects of oxidation of ordered mesoporous carbon sample, synthesized by the soft template method, with solutions of ammonium persulfate and nitric acid, were studied. The influence of the type of oxidizing agent and oxidation conditions on the physicochemical properties of the carbon material were examined. The functionalization with solution of (NH 4 ) 2 S 2 O 8 , irrespective of the process conditions, did not lead damage the ordered carbon structure. The modification resulted in an increase in the surface area and pore volume, except for the samples oxidized at 30 and 60°C for 6 h, whose micropores were blocked by the oxygen functional groups. Functionalization of mesoporous carbon C ST with a HNO 3 solution led to deterioration of its textural parameters, and if the process was performed at a high temperature, to partial destruction of the ordered structure. The number of generated functional groups depended first of all on the type of oxidizing agent and conditions of the process. The FT-IR and Boehm method measurements proved that the use of HNO 3 permitted generation of the greatest number of oxygen functional groups at a high temperature, 8.13 mmol/g. The greatest number of oxygen functional groups on the surface of C ST functionalized with (NH 4 ) 2 S 2 O 8 (4.55 mmol/g) was generated at 60°C for the process duration of 24 h.
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